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FUTURE LAMPF EXPERIMENTS ON LEPTON-NUMBER NONCONSERVATION

R. E. Mischke
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Planned experiments at LAMPF involving neutrinoless processes
which are sensitive to lepton-number nonconservation are discussed

with :mphasis on the Crystal Box program.

Most talks at this conference involved neutrinos in one way or another.
In the previous talk, current and future neutrino experiments at LAMPF were
discussed. In addition, there are several neutrinoless experiments which are
underway at LAMPF, and it is the absence of neutrinoes that makes them probes

of lepton-number nonconservation.

The processes being sought are listed in Table I aldng with present
limits on their occurrence. 1In addition to the experiments at LAMPF, the
other meson factories are active in this field. A previous talk by M. Blecher
described the experiment at TRIUMF to search for U =+ e conversion in the field
of a nucleus. At SIN, a new detector called SINDRUM is planned which will be

optimized for ¢ decay experiments, especially u =+ eee.

Figure 1 shows the progress which has been made in the last 3-1/2 decades
in setting limits on these processes. Note the pattern of limits for the process
U + ey, whose absence playad a crucial role in formulating the notion of lepten-
number conservation. This notion was generally accepted following the two-
neutrino experiment in 1962, The figu}e shows clearly how much progress was
made in the ears near 1960 before interest in U =+ ey waned with no new experi-
ments for 10 years between 1965 and 1974. 1t is coincidental that the rumored
observance of U + ey at the level of 10°° prompted a rethinking of the question
of lepton-number conservation. While the rumor proved false, now it is generuily

accepted that lepton number need not be conserved.
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The literature on this subject is vast and an interested reader is
referred to one of . he bibliographies which has been compiled, for example see
refs. 1 and 2. A relevant question for this conference is to ask whether a
definite connection can be made between neutrino mass, neutrino oscillations,
and flavor-changing muon processes. Unfortunately, given the various types

of models under consideration today, the answer is no.

In the '"standard" Glashow-Weinberg-Salam model, conservation of lepton
number is assumed and the neutrinos are massless.’ Minimal extensions of this
mcdel include left-right symmetric models, inclusion of doubly-char ed leptons,
or additional Higgs doublets. The predictions of these models for flavor-
changing lepton processes vary widely but often it is easy to obtain values
near present experimental limits. The relative rates for different processes
are not standard. For example, with doubly charged 1eptons,“ the rate for
U + 3e can be 1000 times that for ¥ + ey in contrast to the internal conversion

process which gives the rate for u - 3e only 1% of that for u - ey.

Lepton-number nonconservation and neutrino masses® Usually come via heavy
intermediate particles which can be fermions or bosons and whose masses are not
fixed. In most cases there is no definite prediction for cither the size of

neutrino masses or the magnitude of flavor-changing lepton processes.

Grand unified theories gene.ally predict massive neutrinos and lepton
nunber nonconservation. In SU(5) the neutrinos can be massless but it is not
required.s Lepton-number nonconserving processes may be too rare Lo be observ-
¢ble. Wich S0(10) the situation could be more favorable for experimentalists
with L "]l eV and rates for rare muon processes near experimental limits.’
Other models such as horizontal symmetries or composite molels have bren pro-
sused. One horizontal symmetry model Eredicts lepton-number viclation with

measurable rtates for flavor-changing processes but the neutrinos remain massless.®

It seems characteristic of models that they have free parameters which
cllow branching ratios just below the level thus far examined. Thus, !t is
worth noting that the technicolor models ran into difficulty partly because

they expected too large rates for flavor-changing processes and they are now

1{qfavored.9



One conclusion to be drawn from an examination of models is to confirm
the claim that neutrino mass, neutrino oscillation, and neutrinoless experi-
ments must all be pursued. The breadth of theoretical models under considera-
ticn does not permit selection of oue or two crucial experiments. However, it
is characteristic of these flavor-chaaging experiments that the exchanged
intermediate particles have masses in the range of a few hundred GeV if the
branchirg ratios or rates are presently measurable. Turning the statement
arour.d, these experiments are one of our best probes of effects due to a mass
scale petween 10° and 10%° GeV. It is in this atmospbere of theoretical uncer-

tainty and expectation that a new round of experiments I1s underway.

A 3chematic diagram of the Crystal Box detector is shown in Fig. 2. It
is being constructed by a collaboration from thLe los Alamos National Laboratory,
the University of Chicago, and Stanford University. Muons ‘roem a surface muon
beam will stop in a thin extended target at the center of a cvlindrical drife
chamber. The drift chamber has eight concentric lavers of cells and is sur-
rounded by 396 Nal (TL) crystals. Between the drift chamber and the crystals,

a leyer of 36 scintillation counters serves both as a tank cf

e

etd counters

for the crystals and a trigger for electrons frcm muon decay.

Data will be takan simaltaneously to sear~h fur u - ey, u = evyy, and
u -+ eee., Assuming a stopping rate of 5 x 10° u/s, the limits which can be
reached with 30% confidence as a funccion of running time are shown in Fig. 3.
These results depend on the resolution properties of the detector. Most of
the relevant parameters have been measured and are listed irn Table II. The
major components of this experiment should be assembled efore the end of

this vear and data taking will begin next year.

There are other experiments planned at LAMPF to search fcr u - e conver-
sion in the field of a nucleus. One plans to search for L o- e+ on %%sr using
radiochemical techniques. This evperiment by a grour from the Universitwy of
Chicago, Lakehead University, and Los A)lamos plans to rea h 107 ¢ oy obeerv-
ing a very specific Jecay chain *%%r - ®®Rb. At present, thev are checking
the detection scheme ty lookinz for A++ production in the reaction

+—+ N
n®®sr - ®%kr « &4 . Later they would run on-line in a stopred mu~nn beam.



Another LAMPF experiment to search for U- + e conversion in the field of
a nucleus by a group from Yale, University of Pennsylvania, and SIN involves a
superconducting solenoid with a drift chamber detector (Fig. 4). They will use
a cloud W beam with a stopping rate of order 5 x 10° u~/s, probably using Argon
as a target. Sufficiently energetic electrons will be detected on a TPC-like end

cap. This experiment aims for a limit of 107'% and is one-to-twn years away.

Further in the future, another attack on u + ey is planned at LAMPF
using the detector arrangement shown in Fig. 5. The Nal crystals from the
Crystal Box will be rearranged into a wall, and if funds are available, a
second wall will be added. This 2xperiment is expected to reach a branching
ratio limit of at least 10 '?. (See the line labeled U - ey (III) in Fig. 3.)

These are the experiments which have been proposed and accepted at this
time. The results may be just to lower limits on these processes by one or more
orders of magnitude. However, we can be optimistic that at some future neutrino

conference, there will be a nonzero result to report.

Y
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Table I. Lepton number nonconservation via neutrinoless muon procasses

Mode Present Limit> (90% confidence)
u e <1.7 x 10 *°

u — eee <1.9 x 10 ?

u - e < 5x10°

UA-e A < 7 x 10 '!'(on sulphur)

u A - e+A{z_2) < 3 x 10 '°(en iodine)

a -

The first three entries are branching ratio limits
and the last two are capture rates relative to
narmal u capture on the given nucleus.

Tatle II. C(Crystal box resolutions

Scintillator Timing 0.28 ns FWHM

KaTl Timing 0.54 ns FWHM
Energy - <h °, FWHM
Pesition “1.6 cm rms

:rift Chambher Position <150 um rms



Flgure Captions

1.

Limits on various rare muon processes versus time,
Schematic diagram of the Crystal Box detector.

Predicted limits on rare muon decays versus running time with the

Crystal Box detector.
Schematic diagram of the detector for the u = e search.

Schematic diagram of the detector for a later U -+ ey experiment.
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